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INTRODUCTION
Brazilian spotted fever (BSF) is the most important
tick-borne disease in Brazil. The disease is associ-
ated with a severe clinical course, with a case–
fatality rate as high as 30% in Sa˜o Paulo State, a
known endemic area of Brazil [1]. Brazilian spot-
ted fever is usually characterised by the presence
of high fever, myalgia, arthralgia and typical
exanthem, which have been observed in 52% of
patients [1]. However, in some cases, the patients
present with severe clinical manifestations and die
within a few days. Currently, the diagnosis of
rickettsial infections is based on clinical and
epidemiological ﬁndings and a positive serology
by IFA. In Brazil, blood clots or tissue biopsies are
rarely sent in adequate conditions for bacterial
isolation in cell culture. The majority of BSF deaths
occur within 10 days after the illness onset, when
generally antibodies are not detectable and labo-
ratory diagnosis remains inconclusive [2]. In this
study, a nested PCR assay (nPCR) to detect SFG
rickettsiae was applied in serum samples of fatal
cases with clinical suspicion of BSF. The nPCRwas
compared with the IFA and bacterial isolation,
retrospectively, to evaluate its usefulness for the
diagnosis of BSF rickettsiosis.
MATERIALS AND METHODS
The Rickettsia rickettsii used in this study was isolated from a
positive SBFG rickettsiosis case in VERO cell culture [3] and
conﬁrmed by sequencing [4].
Indirect immunoﬂuorescence assay
The IgG and IgM titres were determined by IFA using the
R. rickettsii antigen following the methodology described
previously by Blair [5]. IgM or IgG ‡128 results were
considered as positive.
Serum samples
A total of 50 serum samples from fatal human cases included
in this study was obtained from patients admitted to the
Brazilian medical centres from 2005 to 2007. The patients were
from endemic areas of Sa˜o Paulo State (southeastern Brazil),
with presenting symptoms compatible with BSF rickettsiosis,
and who died within 10 days after the illness onset. The sera
were submitted to the Institute Adolfo Lutz, a regional referral
centre for rickettsial disease, for laboratory diagnosis. Of these
50 samples, 11 were positive by IFA and ⁄ or bacterial isolation
and 39 were inconclusive (IFA negative with isolation not
done).
DNA extraction and Rickettsia nPCR
DNA for nPCR analysis was extracted from 200 lL of serum
samples by using PureLinkTM Viral RNA ⁄DNA Mini Kit
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer’s instructions. A nested PCR assay to amplify a
fragment of the 17-kDa antigen (htrA) was used to detect
the presence of spotted fever group rickettsiae as described
previously [4,5].
RESULTS
The SFG rickettsia-speciﬁc DNA fragment was
detected in 40% (20 ⁄ 50) of the sera tested; of the
IFA positive group (11 samples), 6 were also
positive by PCR, whereas of the inconclusive
group (39 samples), 14 were positive by PCR
(Table 1). The PCR amplicons were sequenced
and homology search (BLAST) of the primers
TZ15 and TZ 16 indicated full homology with
R. rickettsii and SFG rickettsiae.
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DISCUSSION
Laboratory diagnosis of BSF is often determined
by serology. However, during the ﬁrst few days
of the disease, when antibodies are not detectable,
diagnosis should be based on the detection of the
rickettsiae in clinical samples. Rickettsiae can be
detected using procedures such as isolation,
immunohistochemical staining and PCR [2].
PCR methodology has advantages, such as sim-
plicity, taking a short time, detecting low concen-
trations of speciﬁc target DNA sequence, and that
the organism need not be viable at all. The
enhanced sensitivity of nPCR increased the prob-
ability of detecting rickettsial DNA in clinical
samples [2]. Thus, although only four of the 20
positive results were seen in the ﬁrst PCR, the
others were positive only by using nested the PCR
test (data not shown). Because rickettsiae are
intracellular, whole blood or buffy coat are con-
sidered preferable samples for the PCR test.
However, most of the specimens provided by
medical centres were serum samples. The positive
results observed may be due to the higher
sensitivity of the nPCR test and its capacity to
detect spotted fever group rickettsiosis before
detectable speciﬁc antibody production. How-
ever, we observed ﬁve samples that were not
conﬁrmed by nPCR; three of them were IFA
positive when bacterial isolation could not be
done and two were positive by bacterial isolation.
The presence of inhibitors of PCR, or quality of
the sample collected, maintenance and transpor-
tation, could inﬂuence these results. Similar dis-
cordant ﬁndings were reported by Leitner [2] and
Blair [5].
In conclusion, nested PCR based on sequences of
the 17-kD can be helpful for diagnosis of spotted
fever group rickettsiosis in serum samples of fatal
cases with clinical suspicion of BSF, mainly in
inconclusive cases by IFAwhen blood clot or tissue
biopsy were not available for bacterial isolation or
immunohistochemical staining.
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Table 1. Information about conﬁrmed fatal cases of Brazilian spotted fever by nested PCR, IFA and ⁄ or blood clot
bacterial isolation
Patient
n Probable location
Age
(years) Sex
Date (month-day-year) of IFAa
PCR resultb Bacterial isolationOnset Specimen IgG IgM
3 Candido Mota 33 M 04 ⁄ 22 ⁄ 2007 05 ⁄ 02 ⁄ 2007 ‡128 ‡128 ND ND
5 Jaguariu´na 3 F 06 ⁄ 08 ⁄ 2007 06 ⁄ 13 ⁄ 2007 <64 <64 Positive Positive culture
7 Valinhos 45 M 07 ⁄ 08 ⁄ 2007 07 ⁄ 08 ⁄ 2007 <64 128 Negative ND
8 Assis 37 M 07 ⁄ 28 ⁄ 2007 08 ⁄ 02 ⁄ 2007 <64 <64 Positive ND
9 Sa˜o Paulo 13 M 08 ⁄ 20 ⁄ 2007 08 ⁄ 28 ⁄ 2007 ‡128 ‡128 Negative Positive culture
10 Limeira 62 M 08 ⁄ 24 ⁄ 2007 08 ⁄ 25 ⁄ 2007 <64 <64 Positive ND
11 Campinas 34 F 04 ⁄ 06 ⁄ 2007 04 ⁄ 12 ⁄ 2007 <64 <64 Negative Positive culture
15 Campinas 37 M 05 ⁄ 24 ⁄ 2007 05 ⁄ 29 ⁄ 2007 <64 <64 Positive Positive culture
16 Sumare´ 39 M 05 ⁄ 17 ⁄ 2007 05 ⁄ 23 ⁄ 2007 <64 <64 Positive ND
19 Jaguariu´na 60 F 10 ⁄ 28 ⁄ 2006 11 ⁄ 02 ⁄ 2006 <64 <64 Positive ND
21 Campinas 42 M 07 ⁄ 02 ⁄ 2007 07 ⁄ 06 ⁄ 2007 <64 <64 Positive ND
24 Vinhedo 63 M 08 ⁄ 31 ⁄ 2007 09 ⁄ 03 ⁄ 2007 <64 <64 Positive ND
26 A´guas de Lindo´ia 37 M 10 ⁄ 27 ⁄ 2006 11 ⁄ 06 ⁄ 2006 <64 <64 Positive Positive culture
28 Araras 57 F 09 ⁄ 11 ⁄ 2007 09 ⁄ 13 ⁄ 2007 <64 <64 Positive ND
29 Araras 13 F 12 ⁄ 07 ⁄ 2006 12 ⁄ 12 ⁄ 2006 <64 <64 Positive ND
32 Pedreira 52 M 10 ⁄ 10 ⁄ 2006 10 ⁄ 13 ⁄ 2006 <64 <64 Positive ND
36 Campinas 61 M 07 ⁄ 27 ⁄ 2006 08 ⁄ 03 ⁄ 2006 <64 <64 Positive Positive culture
38 Hortolaˆndia 62 M 07 ⁄ 15 ⁄ 2006 07 ⁄ 23 ⁄ 2006 <64 <64 Positive ND
42 Diadema 20 M 11 ⁄ 13 ⁄ 2007 11 ⁄ 19 ⁄ 2007 <64 <64 Positive ND
44 Santo Andre´ 3 M 04 ⁄ 08 ⁄ 2006 04 ⁄ 21 ⁄ 2006 ‡128 ‡128 Negative ND
45 Jaguariu´na 55 M 11 ⁄ 09 ⁄ 2006 11 ⁄ 13 ⁄ 2006 <64 <64 Positive Positive culture
46 Portugal No data M No data 07 ⁄ 26 ⁄ 2005 <64 64 Positive Positive culture
47 Diadema 5a M 08 ⁄ 28 ⁄ 2006 09 ⁄ 01 ⁄ 2006 <64 <64 Positive ND
48 Paulı´nia 24 M 10 ⁄ 01 ⁄ 2007 10 ⁄ 05 ⁄ 2007 <64 <64 Positive ND
50 Jundiaı´ 37 M 10 ⁄ 12 ⁄ 2007 10 ⁄ 17 ⁄ 2007 64 <64 Positive ND
ND, not done.
aIFA IgG and ⁄ or IgM ‡128 was considered as positive.
bAll PCR amplicons were sequenced and conﬁrmed a 100% identity with Rickettsia rickettsii and spotted fever group rickettsiosis.
Maria Mendes do Nascimento et al. Evaluation of PCR-based assay 233
 2009 The Authors
Journal Compilation  2009 European Society of Clinical Microbiology and Infectious Diseases, CMI, 15 (Suppl. 2), 232–234
3. Melles HH, Colombo S, de Lemos ER. Isolamento de
Rickettsia em cultura de ce´lulas. Rev Soc Bras Med Trop 1999;
32: 469–473. Portuguese.
4. Eremeeva ME, Bosserman EA, Demma LJ, Zambrano ML,
Blau DM, Dasch GA. Isolation and Identiﬁcation of
Rickettsia massiliae from Rhipicephalus sanguineus ticks
collected in Arizona. Appl Environ Microbiol 2006; 72: 5569–
5577.
5. Blair PJ, Schoeler GB, Moron C et al. Evidence of rickettsial
and leptospira infections in Andean northern Peru. Am J
Trop Med Hyg 2004; 70: 357–363.
234 Clinical Microbiology and Infection, Volume 15, Supplement 2, December 2009
 2009 The Authors
Journal Compilation  2009 European Society of Clinical Microbiology and Infectious Diseases, CMI, 15 (Suppl. 2), 232–234
